To address the serious restriction of water resources for economic development, the Middle Route of the South-toNorth Water Transfer Project (MR-SNWTP) was constructed. It provides drinking water to northern China (e.g.
Beijing, Tianjin). The MR-SNWTP significantly relies on gravity to transfer water in an open canal. Extra auxiliary power is provided in areas that contain hydraulic structures.
The open canal decreases the construction costs, but the transferred water is exposed to the air, which adversely increases the risk of water pollution (Tang et al. ) .
Once this happens, there will be serious local loss and the influence will expand to the downstream water supply. A prompt and feasible emergency solution is urged to be proposed according to pollutant information, such as pollutant belt length and concentration distribution.
When a severe sudden water pollution accident occurs in the upstream reaches of a river that threatens downstream areas, there is a strong need to control the pollutant (Hou et al. ) . There are three key questions of interest about river pollution as follows: (1) How large is the peak concentration of the pollutant now and how large will it be after control? (2) When will the pollutant arrive downstream?
(3) How long will it take for check-gate closing?
Several available water quality models and early-warning models could be applied to answer these three questions for eliminating or decreasing the impacts of water pollution acci- Step 1 is to predict the peak concentration. In this step, the time of arrival at the downstream gate is calculated based on the rapid prediction formulas of ECPs under normal water diversion. Then, the arrival time is incorporated into the peak concentration prediction formula to obtain the peak concentration. The method of EC (step 2) is determined based on the calculation results of step 1. If the peak concentration satisfies the water quality requirement of the transfer project before the pollutant arrives downstream of the check gate, normal water diversion is supported. Conversely, control by check gate is supported.
Step 3 is used to provide the data of pollution range based on the rapid prediction formulas of the ECPs after EC. In practice, steps 1 to 3 can be executed continually and their execution is triggered by new input data. Therefore, the EC model can be used as a dynamic approach to control pollutants. Based on the EC model depicted in Figure 2 , a generalized framework of an EC model for a pollution accident in a water transfer project is proposed based on the rapid prediction formulas of the ECPs (see Figure 3 ).
In this study, the rapid prediction formulas of the Step 1: Prediction of the peak concentration
1D water quality model
For a long-distance water transfer project, the depth and width are very small compared with the length, so the pollutants discharged into the river will be mixed in the crosssection after they flow at a certain distance away from the leak point. Therefore, the problem of calculating water quality can be simplified as a 1D transport problem, which assumes that the pollution concentration in the cross-section is homogeneous and changes only with the flow direction.
The 1D advection-dispersion equation is the basic equation
of a water quality model, which only considers the longitudinal distribution of pollutants along the river. This equation assumes that pollutants are equally distributed instantaneously in uniform transverse as follows (Knopman & Voss ) :
where E x is the dispersion coefficient, which is calculated according to an experience formula (US Army Corps of Engineers ); and K is the first-order decay constant. In this paper, compared with pollutant advection and diffusion, the influence of biochemical reactions is very weak; so the biochemical reactions can be ignored. Hence, the first-order decay constant is equal to zero in the water quality model.
Rapid prediction formulas of ECPs under normal water diversion
1. Peak transport distance and peak concentration
For inert pollutants, assume that the moment of the sudden soluble water pollution accident is obtained immediately;
1D river pollutant transport can be expressed as follows (Fischer et al. ) :
Based on Equation (2), when x ¼ vt, the value of C is the greatest, namely the peak concentration (C m ). Therefore, the peak transport distance (D) and peak concentration (C m )
can be expressed as follows:
2. Pollutant longitudinal length
In the process of 1D river pollutant transport, pollutant concentration with time is a Gaussian distribution. According to the area ratio of a Gaussian distribution, the ratio of the total pollutant within the scope of 6σ is 99.74% (Fu ).
Therefore, the width of diffusion is defined as 6σ. And another form of the dispersion coefficient which can be measured by pollutant concentration change rate is as follows:
The longitudinal tensile speed of pollutants can be represented as:
Therefore, the pollutant longitudinal length (W ) calculation formula is as follows:
Predicting the peak concentration Based on Equations (4) and (7), the time of arrival at the downstream check gate is calculated, which can be incorporated into the peak concentration prediction formula (Equation (3)) to obtain the peak concentration. The arrival time can be calculated as follows:
Step 2: Calculation of T close
Rapid prediction formulas of ECPs under EC
In accordance with the characteristics of water transfer in the MR-SNWTP, the geometric size and hydraulic condition of the channel are shown in Table 1 . In this study, 47 simulation scenarios (Table S1, 
Pollutant longitudinal length
In this study, the stability time (T s ) of W is defined as the time when W nearly keeps constant. The stability times of 
15-30 15-30 4.5-8.0 1.5-3.0 1/15,000-1/30,000 0.015 60-300 0.01-2,500 W are almost parallel in different scenarios; and T s is nearly equal to twice T b plus T close ( Figure 5(a) ), which can be represented as:
Equation (10) is incorporated into Equation (7) to yield
To ensure the rationality of Equation (11), the comparison between the calculated values and simulated values under different T close is presented in Figure 5 (b). The W by the HEC-RAS model is the simulated value. The W by the rapid prediction formula (Equation (11)) is the calculated value. It shows that the relative error ranges from 2.2% to 18.3% in all scenarios, and all meet the precision requirement for the prediction of pollutant longitudinal length.
Peak concentration
According to the law of conservation of mass, the stability time (T s ) of W and C m is the same. Hence, Equation (10) is incorporated into Equation (3) to yield
To ensure the rationality of Equation (12) The C m by the HEC-RAS model is the simulated value.
The C m by the rapid prediction formula (Equation (12)) is the calculated value. It shows that the relative error ranges from 1% to 16% in all scenarios, and all meet the precision requirement for the prediction of peak concentration.
Calculation of T close
In this study, T close is calculated based on the rapid prediction formulas of the ECPs, as follows:
Equations (4), (7), (9) and (11) are incorporated into Equation (13) to yield
Figure 5 Step 3: Calculation of the peak concentration and pollution range
In this study, the methods of EC include normal water diversion and control by check gates. Hence, the rapid prediction formulas of the ECPs under EC are as follows:
The pollution range mainly reflects on D and W. The peak concentration and pollution range are calculated based on these rapid prediction formulas. First, the method of EC is determined based on the peak concen- 
CASE STUDY General background
The MR-SNWTP transfers water from Taocha, which is located in the Danjiangkou reservoir in Hubei province, as shown in Table 2 .
EC
In this study, we could not use a real, toxic soluble pollutant to validate the real-time and rapid EC model; thus, we used sucrose to demonstrate the behavior of a soluble pollutant.
Because sucrose is harmless to the human body, which satisfies the water quality requirement, normal water diversion is supported after the sudden pollution accident happens. The If sucrose were considered to be a toxic soluble pollutant, the real-time and rapid EC model is obtained based on the rapid prediction formulas of the ECPs. In this case, L D is equal to 2.148 km, T 0 is equal to zero and v is equal to 0.07 m/s. T b is obtained by Equation (18), and its value is 33 min. First of all, L D , v and E x are incorporated into Equation 
